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This is the final report for the MIT/HEAO-2 Data Analysis Grant. This research,

which began with the launch of HEAO-2 (the Einstein Observatory) in 1978, continued

: under NASA Contract NAS8-30752 and NASA Grant NAG 8-494. It has led to many
: astrophysically significant discoveries which have been documented in the scientific

literature (see publication lists in Appendix A). In addition to the direct scientific impact,

the nation has benefited indirectly from the MIT efforts through the education of a large
number of students (see Appendix B), and from the data that has been archived at the

National Space Science Data Center and elsewhere. In this report we briefly summarize

some of the more significant achievements of the MIT/HEAO-2 data analysis effort.
\

I. Analysis of Data from the Focal Plane Crystal Spectrometer (FPCS)

The Focal Plane Crystal Spectrometer (FPCS) was designed and built entirely at

MIT. An X-ray spectrometer capable of resolving powers as high as E/AE ~1000, the

FPCS was used to resolve closely spaced X-ray emission lines and absorption edges, and

to measure Doppler shifts resulting from bulk velocities ~ 1000 km sec -1. The FPCS

performed flawlessly throughout the entire lifetime of HEAO-2.

Because of its high resolving power, the FPCS was able to isolate individual X-ray

emission lines and absorption edges. The intensities of these features were then used as

diagnostic tools in understanding the physics of the plasmas from which the X-ray

emission arose. Examples include cooling flows in clusters of galaxies (in which the

temperature distribution of the plasma and the rate of mass infaU can be inferred, see, for

example, references 2 and 27), the temperatures, elemental abundances, and ionization

timescales of supernova remnants (refs. 6,9,10,11,33,64), the temperatures and loop

structure of RS CVn stars (refs. 38,54), and detailed models of active galactic nuclei (ref.

77). In the case of the supernova remnant Cas A, Doppler shifts were measured which led

to a detailed model of the kinematics of this object (ref. 33).
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1I. Analysis of Data from the other HEAO-2 Instnmaents

MIT used the other instruments on HEAO-2 as well as the FPCS. A number of the

publications in Appendix A resulted from studies made with the imaging instruments (the

HRI and IPC) or the other spectrometers (the SSS and OGS) or the Monitor Proportional

Counter, or some combination of the various instruments. Examples of the research

performed with these instruments include studies of normal galaxies (ref. 45,57), cooling

flows in clusters and in groups of galaxies (refs. 3,42,61, etc.), active galactic nuclei (refs.

4,7,25,29,37,46,50,58,60,63,etc.), supernova remnants (refs. 8,14,21,55,56), stars

(refs. 5,13,15,18,34,40,62) and many others.

II1. Other HEAO-2 Science

Many of the X-ray observations described above led to further work, either

observations at other wavelengths, or more comprehensive developments of the underlying

theory. Publications based on such followup and related studies form an important subset

of the MIT HEAO-2 publication list. Some examples include observations at radio

wavelengths of active galaxies previously studied in X-rays (references 16, 19, 39),

development of cooling flow theory (refs. 27, 43, 49, 52, 70), theory of X-ray nebulae

(refs. 32, 41, and 51), studies of pre-main sequence stars (refs. 31, 35), and others.

IV. Other Topics

A. Education

Nineteen MIT students have written Bachelor's or Master's theses based in whole

or in part on HEAO-2 analysis. Six students received PhD degrees with theses largely

dependent on HEAO-2 data. These students and their thesis rifles appear in Appendix B.

B. Archival Material

An archival publication has been submitted to the Astrophysical Journal

(Supplements) which summarizes all 400 observations made with the FPCS (reference 81).

This will be of general use to scientists who need to know a flux (or upper limi0 for a

particular X-ray line from a particular object. For those who need more detailed

information, we have submitted all of our raw data and a User's Document to the National

Space Science Data Center (NSSDC). Furthermore, we are now completing a more user-

friendly version of the data (in FITS format) which will be available on CD-ROM, or over

the Internet from MIT, as well as at the NSSDC.
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MIT HEAO-2 Bibliography of Refereed Papers

"The Einstein (HEAO-2) X-Ray Observatory", R. Giacconi, G. Branduardi, U.
Briel, A. Epstein, D. Fabricant, E. Feigelson, W. Forman, P. Gorenstein, J.
Grindlay, H. Gursky, R. Harnden, J.P. Henry, C. Jones, E. Kellogg, D. Koch, S.
Murray, E. Schreier, F. Seward, H. Tananbaum, T. Topka, L. Van Speybroeck,
S.S. Holt, R.H. Becker, E.A. Boldt, P.J. Serlemitsos, G.C. Clark, C.R. Canizares,
T.H. Markert, R. Novick, D. Helfand, and K. Long, Ap. J., 230, 540, 1979.

"High Resolution X-Ray Spectroscopy of M87 with the Einstein Observatory: The
Detection of O VIII Emission", C.R. Canizares, G.W. Clark, T.H. Markert, C.
Berg, D. Bardas, H. Schnopper, and K. Kalata, Ap. J. (Letters), 234, L33, 1979.

"The Detection of Extended X-Ray Emission Surrounding cD Galaxies in Poor
Clusters", G.A. Kriss, C.R. Canizares, J.E. McClintock, and E.D. Feigelson, Ap.
J. (Letters), 235, L61, 1980.

"Discovery of Low Redshift X-Ray Selected Quasars: New Clues to the QSO
Phenomenon", J.E. Grindlay, J.E. Steiner, W. Forman, C.R. Canizares, and J.E.
McClintock, Ap. J. (Letters) 239, L43, 1980.

"Two X-Ray Pulsars: 2Sl145-619 and 1El145.1-6141", R.C. Lamb, T.H.

Markert, R.C. Hartman, D.J. Thompson, and G.F. Bignami, Ap. J., 239, 651,
1980.

"Upper Limits on X-Ray Line Emission from the Crab Nebula", M.L. Schattenburg,
C.R. Canizares, C.J. Berg, G.W. Clark, T.H. Markert, and P.F. Winkler, Ap. J.
(Letters), 241, L151, 1980.

"X-Ray Observations of Seyfert Galaxies with the Einstein Observatory", G.A.
Kriss, C.R. Canizares, and G.R. Ricker, Ap. J., 242, 492, 1980.

"X-Ray Emission from Supernova Remnants near Gamma-ray Sources", R.C. Lamb
and T.H. Markert, Ap. J., 244, 94, 1981.

"X-Ray Line Emission from the Puppis A Supernova Remnant: Oxygen Lines",
P.F. Winlder, C.R. Canizares, G.W. Clark, T.H. Markert, and R. Petre, Ap. J.,
245, 574, 1981.

"A Survey of X-Ray Line Emission from the Supernova Remnant Puppis A", P.F.
Winkler, C.R. Canizares, G. W. Clark, T.H. Markert, K. Kalata, and H.W.
Schnopper, Ap. J. (Letters), 246, L27, 1981.

"Evidence for Elemental Enrichment of Puppis A by a Type II Supernova", C.R.
Canizares and P.F. Winkler, Ap. J. (Letters), 246, L33, 1981.
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15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

"Gravitational Focusing and the Association of Distant Quasars with .Foreground
Galaxies", C.R. Canizares, Nature, 291, 620, 1981.

"Einstein X-Ray Identification of the Variable Radio Star LSI+61.303", G.F.

Bignami, P.A. Caraveo, R.C. Lamb, T.H. Markert, and J.A. Paul, Ap. J. (Letters),
247, L85, 1981.

"Two X-Ray Supernova Remnants: G296.1-0.7 and 1El 149.4-6209", T.H.

Markert, R.C. Lamb, R.C. Hartman, D.J. Thompson, and G.F. Bignami, Ap. J.
(Letters), 248, L17, 1981.

"Discovery of Three X-Ray Luminous Pre-Main Sequence Stars", E. Feigelson and
G.A. Kriss, Ap. J. (Letters), 248, L35, 1981.

"Detection of Radio Emission from the Jet in Centaurus, A.", E.L Schreier, J.O.
Burns, and E. Feigelson, Ap. J., 251,523, 1981.

"A Medium Sensitivity X-Ray Survey using the Einstein Observatory: the Log N-
Log S Relation for Extragalactic X-Ray Sources", T. Maccacaro, E. Feigelson, et al.,
Ap. J., 253, 504, 1982.

"Detection of X-Rays during the Outburst of Supernova 1980k", C.R. Canizares,
G.A. Kriss, and E.D. Feigelson, Ap. J. (Letters), 253, L17, 1982.

"VLA Observations of an Unbiased Sample of Extragalactic X-Ray Sources", E. D.
Feigelson, T. Maccacaro, and G. Zamorani, Ap. J., 255, 392, 1982.

"X-Ray Observations of Peculiar Galaxies with the Einstein Observatory", G.
Fabbiano, E. Feigelson, and G. Zamorani, Ap. J., 256, 397, 1982.

"A High-Resolution X-Ray Image of Puppis A: Inhomogeneities in the Interstellar
Medium", R. Petre, C.R. Canizares, G.A. Kriss, and P.F. Winkler, Ap. J., 258,
22, 1982.

"X-Ray Emission from Young Stars and Implications for the Early Solar System",
E.D. Feigelson, Icarus, 51, 155, 1982.

"The Anomalous X-Ray Absorption Spectrum of Vela X- 1", T.R. KaUman and N.E.
White, Ap. J. (Letters), 261, L35, 1982.

"High Resolution X-Ray Observations of M87: Nucleus, Jet, and Radio Halo", E.J.
Schreier, E.D. Feigelson, and P. Gorenstein, Ap. J., 261, 42, 1982.

"Optical and X-Ray Properties of X-Ray Selected Active Galactic Nuclei", G.A.
Kriss and C.R. Canizares, Ap. J., 261, 51, 1982.

"X-Ray Spectroscopy of the Galaxy M87: Radiative Accretion of the Hot Plasma
Halo", C.R. Canizares, G.W. Clark, J.G. Jernigan, and T.H. Markert, Ap. J., 262,
33, 1982.

"Star Formation in a Cooling Flow", A.C. Fabian, P.E.L Nulsen, and C.R.
Canizares, M.N.R.A.S., 201, 933, 1982.
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28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

"Manifestations of a Cosmological Density of Compact Objects in Quasar Light",
C.R. Canizares, Ap. J., 263, 508, 1982.

"Imaging X-Ray Observations of Markarian 279", G.A. Kriss'and R. Doxsey,
P.A.S.P.,9$, 133, 1983.

"The 1980 Outburst of 4U0115+63 (V635 Cassiopeiae)", G.A. Kriss, L.R.
Cominsky, R.A. Remillard, G. Williams, and J.R. Thorstensen, Ap. J., 266, 806,
1983.

"A Large Amplitude Photometric Periodicity of a T Tauri Star", B.E. Schaefer, Ap.
J. (Letters), 266, IA5, 1983.

"X-Ray Ionization and the Orion Molecular Cloud", J.H. Krolik and T.R. KaUman,
Ap. J., 267, 610, 1983.

"High Velocity, Asymmetric Doppler Shifts of the X-Ray Emission Lines of
Cassiopeia A", T.H. Markert, C.R. Canizares, G.W. Clark, and P.F. Winkler, Ap.
J., 268, 134, 1983.

"Observations of Suspected Low-Mass Post-T Tauri Stars and Their Evolutionary
Status", R. Mundt, F.M. Walter, E.D. Feigelson, U. Finkenzeller, G.H. Herbig,
and A.P. Odell, Ap. J., 269, 229, 1983.

"A Search for Weak Ha Emission Line Pre-Main Sequence Stax:s", E.D. Feigelson
and G.A. Kriss, A.J., 88, 431, 1983.

"The X-Ray Absorption Spectrum of 4U1700-37 and Its Implications for the Stellar
Wind of the Companion HD153919", N.E. White, T. Kallman, and J. Swank, Ap.
J., 269, 264, 1983.

"X-Ray Observations of 20 3CR Radio Galaxies and their Environs", E.D. Feigelson
and C.J. Berg, Ap.J., 269, 400, 1983.

"Measurement of Coronal X-Ray Emission Lines from CapeUa", P.W. Vedder and
C.R. Canizares, Ap. J., 270, 666, 1983.

"VLA Observations of a Complete Sample of Extragalactic X-Ray Sources, II", I.M.
Gioia, E.D. Feigelson, T. Maccacaro, R. Schild, and G. Zamorani, Ap. J., 271,
524, 1983.

"A Search for X-Rays from Runaway Stars", C. Krishna Kumar, T.R. Kallman, and
R.J. Thomas, Ap. J., 272, 219, 1983.

"Photoionization Models for the Winds from Cataclysmic Variables", T.R. Kallman,
Ap. J., 272, 238, 1983.

"The X-Ray Emitting Gas in Poor Clusters with Central Dominant Galaxies", G.A.
Kriss, D.F. Cioffi, and C.R. Canizares, Ap. J., 272, 439, 1983.

"Radiative Accretion of Intra-Cluster Gas onto Dominant Galaxies in Poor Clusters",

C.R. Canizares, G.C. Stewart, and A.C. Fabian, Ap. J., 272, 449, 1983.
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44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

"The Inner Radio Structure of Centaurus A: Clues to the Origin of the Jet X-Ray
Emission", J.O. Burns, E.D. Feigelson, and E.J. Schreier, Ap. J., 273, 128, 1983.

"X-Ray Observations of M33 with the High Resolution Imager on the Einstein
Observatory", T.H. Markert and A.D. Rallis, Ap. J., 275, 571, 1983.

"Observational Tests of X-Ray Heating in the Broad-line Region of Quasars and
Seyfert Galaxies", G.A. Kriss, Ap. J., 277, 495, 1984.

"SAS-3 Observations of Cygnus X- 1: The Intensity Dips", R.A. Remillard and C.R.
Canizares, Ap. J., 278, 761 (March 1984).

"The Mass Profile and Gas Content of M87", G.C. Stewart, C.R. Canizares, A.C.
Fabian, and P.E.J. Nulsen, Ap. J., 278, 536, 1984.

"Continuing Formation of the Central Star Cluster in M87", A.C. Fabian, H. Itoh,
G.C. Stewart, C.R. Canizares, and P.E.J. Nulsen, Nature, 307, 343, 1984.

"A Sharp X-Ray Absorption Feature in the BL Lacertae Object PKS 2155-304",
C.R. Canizares, and J. Kruper, Ap. J. (Letters), 278, L99, 1984.

"X-Ray Nebular Models II: Constant Pressure Clouds", T.R. Kallman, Ap. J.,
280, 269, 1984.

"Cooling Flows in Clusters of Galaxies", A.C. Fabian, P.E.J. Nulsen, and C.R.
Canizares, Nature, 310, 733, 1984.

"Coordinated Multifrequency Observations of the BL Lac Objects Mrk 180 and Mrk
501", S.L. Mufson, D.J. Hutter, K.R. Hackney, R.L. Hackney, C.M. Urry, R.F.
Mushotzky, Y. Kondo, W.Z. Wisniewski, H.D. Aller, M.F. Aller, and P.E. Hodge,
Ap. J., 285, 571, 1985.

"High Spectral Resolution Observations of the Coronal X-Ray Emission from the RS
CVn Binary Sigma Corona Borealis", P.C. Agrawal, T.H. Markert, and G.R.
Riegler, M.N.R.A.S., 213, 761, 1985.

"G27.4+0.0, a Galactic Supernova Remnant with a Central Compact Source", G.A.
Kriss, R.H. Becker, P.J. Helfand, and C.R. Canizares, Ap. J., 288, 703, 1985.

"Radio and X-Ray Observations of G11.2-0.3 and G41.1-0.3", R.H. Becket, T.H.
Markert, and M. E. Donahue, Ap. J., 296, 461, 1985.

"Observations of Four Nearby Galaxies with the Einstein Observatory", T.H.
Markert and M.E. Donahue, Ap. J., 297, 564, 1985.

"X-Ray Properties of Quasars and Results from a Deep X-Ray Survey of Optically
Selected Objects", G.A. Kriss and C.R. Canizares, Ap. J., 297, 177, 1985.

"High Resolution X-Ray Spectroscopy of the Crab Nebula and the Oxygen
Abundance of the Interstellar Medium", M. L. Schattenburg and C.R. Canizares, Ap.
J., 301, 759, 1986.

"H0323+022: A New BL Lac Object with Extremely Rapid Variability", E.D.
Feigelson, H. Bradt, J. E. McClintock, R.A. Remillard, C.M. Urry, S. Tapia, B.
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62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.
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Geldzahler, K. Johnston, W. Romanishin, P.A. Wehinger, S. Wyckoff, G.
Madejski, D.A. Schwartz, and J. Thorstensten, Ap. J., 302, 337, 1986.

"X-Ray Studies of Galactic and Intergalactic Gas in the Pegasus I Cluster", C.R.
Canizares, M.E. Donahue, G. Trinchieri, G.C. Stewart, and T.A. McGlynn, Ap. J.,
304, 312, 1986.

"An X-Ray Survey of Hot White Dwarf Stars: Evidence for a n(He)/n(H) vs. Teff
Correlation", R. Petre, H.L. Shipman and C.R. Canizares, Ap. J., 304, 356, 1986.

"X-Ray Spectroscopy of Five BL Lacertae Objects", C.M. Urry, R.F. Mushotzky,
and S.S. Holt 1986, Ap. J., 305, 369, 1986.

"High Resolution X-Ray Spectroscopic Evidence of Non-Equilibrium Conditions in
the Cygnus Loop", P.W. Vedder, C.R. Canizares, T.H. Markert and A.Pradhan,
Ap. J., 307, 269, 1986.

"The X-Ray Surface Brightness Distribution and Spectral Properties of Six Early
Type Galaxies", G. Trinchieri, G. Fabbiano, C.R. Canizares, Ap. J. 310, 637,
1986.

"Blazars", J.N. Bregman, L. Maraschi, and C.M. Urry, in Accomplishments of
IUE, Wamsteker et al.., eds., 1986.

"Properties of the X-Ray Emitting Gas in Early Type Galaxies", C.R. Canizares, G.
Fabbiano, and G. Trinchieri, Ap. J., 312, 503, 1987.

"Simultaneous Multifrequency Observations of the BL Lac Object Markarian 421", F.
Makino, Y. Tanaka, M. Matsuoka, K. Koyama, H. Inoue, R. Hoshi, Y. Kondo,
C.M. Urry, S.L. Mufson, K.R. Hackney, R.L. Hackney, S. Kikuchi, Y. Mikami,
W.Z. Wisnieski, N. Hiromoto, M. Nishida, J. Burnell, P. Brand, P.M. Williams,
M.G. Smith, F. Takahara, M. Inoue, M. Tsuboi, H. Tabara, T. Kato, M.F. Aller
and H.D. Aller, Ap. J., 313, 662, 1987.

"Do Massive Black Holes Reside in Elliptical Galaxies?", A.C. Fabian and C.R.
Canizares, Nature, 333 No. 6176, 829, 1988.

"Models of Steady State Cooling Hows in Elliptical Galaxies", P.W. Vedder, J.L
Trester, and C.R. Canizares, Ap. J., 332, 725, 1988.

"Probabilities for Gravitational Lensing by Point Masses in a Locally Inhomogeneous
Universe", J.A. Isaacson and C.R. Canizares, Ap. J., 336, 554, 1989.

"The X-Ray Spectra of High Redshift Quasars", C.R. Canizares and J.L. White, Ap.
J., 339, 27, 1989.

"The Nature of Red Active Galactic Nuclei in X-Ray Selected Samples", J.S. Kruper
and C.R. Canizares, Ap. J., 343, 66, 1989.

"Radio-quiet QSO and the X-ray Background", A.C. Fabian, C.R. Canizares and X.

Barcons, Mon.Not.R.Astr.Soc., 239, 15p, 1989
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75.

76.

77.

78.

79.

80.

81.

"The Effect of Hot Gas in Early Type Galaxies on the Cosmic Microwave
Background", J.J. Trester and C.R. Canizares, Ap. J., 347, 605, 1989.

"Soft X-ray Properties of Seyfert Galaxies. I. Spectra", J.S. Kruper, C.M. Urry
and C.R. Canizares, Ap.J.Supp., 74, 347, 1990.

"High Resolution X-ray Spectroscopy of Four Active Galaxies: Probing the
Intercloud Medium", Kenneth S.K. Lum, C.R. Canizares and Thomas H Markert,
Ap.J., 358,139, 1990.

"Upper Limit on Interstellar Gas in Coma Cluster EUipticals", C.R. Canizares and Paula
Blizzard, Ap.J.,(in press) 1991.

"The Einstein OGS Survey of Galactic Binary X-ray Sources", S.D. Vrtilek, J.E.
McClintock, F.D. Seward, S.M. Kahn, and B.J. Wargelin, Ap.J.Sup. (in press) 1991.

"Cooling Flows in Clusters of Galaxies", A.C. Fabian, C.R. Canizares, and P. Nulsen,
Astron. and Astrophys. Rev., (in press), 1991.

"The Spectral Archive of Cosmic X-ray Sources Observed by the Einstein Observatory
Focal Plane Crystal Spectrometer", K.S. Lum, C.R.Cardzares, G.W. Clark, T.H.
Markert, P.J. Saez, M.L. Schattenburg, and P.F. Winkler, Ap. J. Supp. (in press),
1991.
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B) Other Publications
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,
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10.

11.

12.

13.

"The Curved Crystal Spectrometer for the HEAO-B Satellite", C.R. Canizares, G.W.
Clark, D. Bardas, and T.H. Markert, S.P.I.E., 106, 154, 1977.

14.

"High Resolution X-Ray Spectroscopy from the Einstein Observatory", P.F.
Winkler, C.R. Canizares, G.W. Clark, T.H. Markert, C. Berg, J.G. Jemigan, and
M.L. Schattenburg, in X-Ray Astronomy, G. Seth and R. Giacconi, eds. (Dordrecht:
D. Reidel), 1980.

"High Resolution X-Ray Spectroscopy of the Gas Surrounding M87 and NGC1275:
Emission Line Detection and Evidence for Radiatively Regulated Accretion", C.R.
Canizares, C. Berg, G. C. Clark, J.G. Jernigan, G.A. Kriss, T.H. Markert, M.
Schattenburg, and P.F. Winkler, Highlights of Astronomy, 5, 657, 1980.

"X-Ray Spectra of Clusters of Galaxies", C.R. Canizares, in X-Ray Astronomy with
the Einstein Satellite, R. Giacconi, ed. (Dordrecht: D. Reidel), 1981.

"High Resolution X-Ray Spectroscopy from the Einstein Observatory", T.H.
Markert, C.R. Canizares, and P.F. Winkler, in X-Ray Symposium 1981, ASNY
News Letter, 1, 19, 1981.

"The Radio and X-Ray Structure of Centaurus A", E. Feigelson, in Extragalactic X-
Ray Sources, D.S. Heeschen and C.M. Wade, Eds. (Dordrecht: D. Reidel) 1981.

"Future Prospects for High Resolution X-Ray Spectrometers", C.R. Canizares, in X-
Ray Astronomy in the 1980's, S. Holt, ed. (Goddard Space Flight Center Report
No. Tm 83843), 1981.

"X-Ray Spectroscopy and Imagery of Supernova Remnants with the Einstein

Observatory", P.F. Winkler, C.R. Canizares, T.H. Markert, and A.E. Szymkowiak,
in Supernovae, M. Rees and R. Stoneham, eds. (Dordrecht: D. Reidel), 1982.

"X-Ray Jets and Lobes", E.D. Feigelson and E.J. Schreier, Sky and Telescope, 65,
6, 1983.

"High Resolution Spectroscopy of Supernova Remnants", C.R. Canizares, P.F.
Winkler, T.H. Markert, and C. Berg, in Supernova Remnants and Their X-Ray
Emission, J. Danziger and P. Gorenstein, eds. (Dordrecht: D. Reidel), 1983.

"Non-Equilibrium Ionization in Puppis A", P.F. Winkler, C.R. Canizares, and B.C.
Bromley, in Supernova Remnants and Their X-Ray Emission, eds. J. Danziger and
P. Gorenstein, (Dordrecht: D. Riedel), 1983.

"X-Rays from Jets and Lobes", E.D. Feigelson, in Proc. of the International
Workshop on Astrophysical Jets, Torino, (Dordrecht: D. Reidel), 1983.

"Supernovae and Supernova Remnants", C.R. Canizares, in X-Ray Astronomy '84
International Symposium on X-Ray Astronomy, Bologna, Italy, eds. M. Oda and R.
Giacconi, (Tokyo Institute of Space and Astronautical Science), 1984.

"X-Ray Astronomy and Plasma Astrophysics", C.R. Canizares, in Proc. of the
Course and Workshop on Plasma Astrophysics, Varenna, Italy, (ESA SP-207),
1984.
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15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

"X-Ray Spectroscopic Measurements of Non-Equilibrium Ionization in Supernova
Remnants", T.H. Markert, C.R. Canizares, T. Pfafman, P. Vedder, P.F. Winkler,
and A. Pradhan, in Proc. of the Eighth International Colloquium on UV and X-Ray
Spectroscopy of Astrophysical and Laboratory Plasmas (IAU Colloquium No. 86),
G. Doschek, ed. (Naval Research Lab.), 1984.

"X-Ray Spectroscopy of BL Lacertae Objects", C.M. Urry, R.F. Mushotzky, and
S.S. Holt 1984, Bull. Amer. Astron. Soc., 16, 931.

"H0323+022: Classification as a BL Lac Object and Exosat Coordinated
Observations", H.V. Bradt, J. Baldwin, E. Feigelson, B. Geldzahler, G. Madejski,
P. Massey, J.E. McClintock, I. McHardy, R. McMahan, T. Ohashi, R.A. Remillard,
W. Romanishin, C. Salter, B. Schaefer, D. Schwartz, S. Tapia, J. Thorstensen,
C.M. Urry, P. Wehinger, A. Wilson, and S. Wyckoff, Space Sci. Rev., 40, 613,
1985.

"X-Ray Studies of Seyfert Galaxies and Quasars", C.R. Canizares, G.A. Kriss, J.S.
Kruper, and C.M. Urry, in Proc. of l.A.U. Symposium No. 119 "Quasars",
Bangalore, India, 2-6 December, 1985, G. Swarup and V.K. Kapald (eds.), (D.
Reidel), 253, 1986.

"X-Ray Spectra of BL Lacertae Objects", C.M. Urry, in Proceedings of Workshop
on Continuum Emission from Active Galactic Nuclei, M. Sitko,_ed., Tucson,

Arizona, p. 91, January 1986.

"BL Lacertae Objects: Accretion, Jets, and Winds", C.M. Urry, in Proceedings of
ESA Workshop on Accretion onto Compact Objects, eds. K.O. Mason, M.G.
Watson, and N.E. White, (Heidelberg: Springer-Verlag), p. 357, 1986.

"Seven Years of IUE Observations of the BL Lacertae Object PKS2155-304",
C.M.Urry, Y. Kondo, K.R. Hackney, and R.L. Hackney, in New Insights in
Astrophysics, Proceedings of Eight Years of UV Astronomy with IUE, ESA SP-
263, p. 621, 1986.

"X-Ray Variability of Active Galaxies Observed with the Einstein Observatory",
C.M. Urry, Proceedings of the Conference on Variability of Galactic and
Extragalactic X-Ray Sources, Como, Italy, October 1986.

"X-Rays from Galaxies and Clusters of Galaxies: Observations and
Phenomenology", C.R. Canizares, in Proc. of lA.U. Symposium No. 117, "Dark
Matter in the Universe", J. Kormendy and G. Knapp (eds.), (D. ReideI), 165, 1987.

"Accretion Flows in Elliptical Galaxies", P.W. Vedder, in Continuum Radio
Processes in Clusters of Galaxies, NRAO - Green Bank #16, edited by C.P. O'Dea
and J.M. Uso, p. 127, August 1986.

"Plasma Diagnostics with X-Ray Lines of Oxygen in Puppis A", K.F. Fischbach,
C.R. Canizares, T.H. Markert, and J.M. Coyne, in Proceedings of IAU Colloquium
No. 101, Supernova Remnants and the Interstellar Medium, Penticton, British
Columbia, R.S. Roger and T.L. Landecker (eds.), (Cambridge University Press),
153, 1987.
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26.

27.

28.

29.

30.

31.

"Einstein Bragg Crystal Spectrometer Observations of Cas A - A Non-Equilibrium

Ionization. Interpretation", T.H. MarkeR, P.L. Blizzard, C.R. Canizams, and J.P.
Hughes, m Proceedings of IAU Colloquium No. 101, Supernova Remnants and the
Interstellar Medium, Penticton, British Columbia, R.S. Roger and T.L. Landecker
(eds.), (Cambridge University Press), 129, 1987.

"X-Ray Emission Lines from Cooling Flows", C.R. Canizares, T.H. MarkeR, and
M.E. Donahue, in Proc. of the NATO Advance Research Workshop: Cooling Flows
in Galaxies and Clusters, A.C. Fabian (ed.), (Dordmcht: Reidel), 63, 1988.

"A Comparison of Three Regions of Puppis A", K.F. Fischbach, L.M. Bateman,

C.R. Canizares, T.H. Markert, and P.J. Saez, to appear in the Proceedings of the
IAU Colloquium No. 115 High Resolution X-Ray Spectroscopy of Cosmic Plasmas,
Paul Gorenstein and Martin V. Zombeck (exls.) (Cambridge University Press), 1989.

"High Resolution Spectroscopy and Plasma Diagnostics of Supernova Remnants",
C.R. Canizares, to appear in the Proceedings of the IAU Colloquium No. 115 High
Resolution X-Ray Spectroscopy of Cosmic Plasmas, Paul Gomnstein and Martin V.
Zombeck (eds.) (Cambridge University Press), 1989.

"X-ray Observations of Supernova Remnants", C.R. Canizams, to appear in Physical
Processes in Hot Cosmic Plasmas, W. Brinkman (ed.) (Kluwer) 1990.

"X-ray Spectroscopy of the Supernova Remnant N132D", U. Hwang, C.R.
Canizares, T.H. Markert, and J.P. Hughes, Proc. of the 14th Yamada Conf., (in
press), 1991.
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C)

1.

.

.

.

.

.

.

,

10.

11.

12.

13.

Conference Contributions

"The HEAO-B Focal Plane Crystal Spectrometer", C.R. Caniza_s, Symposium on
the Techniques of Solar and Cosmic X-Ray Spectroscopy, Mullard Space Sciences
Laboratory, University College, London, May 1975.

"The Curved Crystal Spectrometer for the HEAO-B Satellite", C.R. Canizares,
Symposium on X-Ray Imaging, SPIE/SPSE, Reston, Virginia, April 1977 (invited).

"High Resolution X-Ray Spectroscopy of M87 and the Virgo Cluster", C R
Canizares, C. Berg, G.W. Clark, J.G. Jemigan, and T.H. Markert, Bull." A'm. Phy.
Soc., 24, 641, 1979.

"High Resolution X-Ray Spectroscopy of Cosmic Sources with the Einstein

Observatory", C.R. Canizares, Massachusetts Institute of Technology, Astrophysics
Colloquium, May 1979 (invited).

"High Resolution X-Ray Spectroscopy of Cosmic Sources with the Einstein

Observatory", C.R. Canizares, Los Alamos Scientific Laboratory P-4 Seminar, May
1979 (invited).

"High Resolution X-Ray Spectroscopy on the Einstein Observatory", C.R.
Canizares, Bull. Am. Astron. Soc., ll, 408, 1979 (invited).

"High Resolution X-Ray Spectroscopy of the Gas Surrounding M87 and NGC1275:
Emission Line Detection and Evidence for Radiatively Regulated Accretion", C.R.
Cardzares, Joint Discussion on Extragalactic High Energy Astrophysics, IAU,
Montreal, August 1979.

"X-Ray Spectroscopy", C.R. Canizares, University of Michigan Astronomy
Seminar, September 1979 (invited).

"High Resolution X-Ray Spectroscopy: A Probe of Hot Matter in the Universe",

C.R. Canizares, Massachusetts Institute of Technology Physics Colloquium, October
1979 (invited).

"High Resolution X-Ray Spectroscopy: A Probe of Hot Matter in the Universe",
C.R. Canizaxes, Fourth West Coast Astrophysics Conference, Berkeley, California,
November 1979 (invited).

"High Resolution X-Ray Spectroscopy of Cygnus X-2 and Scorpius X-I with the

Einstein Observatory", C. Berg, C.R. Canizarcs,G.W. Clark,J.G.Jemigan, and

T.H. Markcrt, Bull Am. Phys. Soc.,24, 641, 1979.

"High Resolution X-Ray Spectroscopy of the Tycho Supernova Remnant", T.H.
Markert, C.R. Canizares, G.W. Clark, G.A. Kriss, and P.F. Winkler, Bull. Am.
Phys. Soc., 24, 641, 1979.

"High Resolution X-Ray Spectroscopy of Cas A with the Einstein Observatory",
P.F. Winkler, C.R. Canizares, G.W. Clark, T.H. Markert, and M.L. Schattenburg,
Bull. Am. Phy. Soc., 24, 641, 1979.
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14.

15.

16.

17.

18.

19.

20.

22.

23.

24.

25.

26.

27.

28.

29.

"High ResolutionX-Ray Spectroscopy of Compact Sources with theEinstein

Observatory", T.H. Markert, C. Berg, C.R. Canizares,G.W. Clark,J.G. Jernigan,
and P.F. Winkler, Bull.Am. Astron. Soc.,II, 445, 1979.

"X-Ray and Optical Observations of cD Galaxies in Poor Clusters", G.A. ICdss,
C.R. Canizar_s, and J.E. McClintock, Bull. Am. Astron. Soc., ll, 459, 1979.

"High Resolution X-Ray Spectroscopy of Supernova Remnants", P.F. Winlder,

C.R. Canizares, G.W. Clark, T.H. Markert, M.L. Schattenberg, and M.A. Smedira,
Bull.Am. Astron. Soc., II, 463, 1979.

"New X-Ray Sources Near 4Ul145-61", R.C. Hartman, R.C. Lamb, T.H. Markert,
D.J. Thompson, and G.F. Bignami, Bull. Am. Astron. Soc., 11, 773, 1979.

"Further High Resolution X-Ray Spectroscopy of M87", C.R. Canizares, Bull. Am.
Astron. Soc., 11, 655, 1980.

"The Formation and Measurement of X-Ray Spectra", C.R. Canizares, presented in
the "Non-Optical Astronomy" lecture series, Yale University, January 1980 (invited).

"On the Absence of X-Ray Lines from SN1006", C.M. Waite, and P.F. Winkler,
Bull. Am. Astron. Soc., 26, 61, 1980.

"High Resolution X-Ray Spectroscopy of Supernova Remnants", T.H. Markert,
Iowa State University Astrophysics Colloquium, October 1980 (invited).

"X-Ray Lines as a Probe of Astrophysical Plasmas", P.F. Winkler, Dartmouth
University Astrophysics Colloquium, October 1980 (invited).

"X-Ray Lines as a Probe of Astrophysical Plasmas", P.F. Winkler, University of
Michigan Astrophysics Colloquium, November 1980 (invited).

"Observations of X-Ray Emission from T Tauri Stars", E. Feigelson and W.
DeCampli, Bull. Am. Astron. Soc., 12, 871, 1980.

"X-Ray Observations of Peculiar Galaxies with the Einstein Observatory", G.
Fabbiano and E. Feigelson, Bull. Am. Astron. Soc., 12, 873, 1980.

"Spectral Formation in X-Ray Illuminated Gas Clouds", T.R. Kallman and R.
McCray, Bull. Am. Astron. Soc., 12, 820, 1980.

"X-Ray Emission from Supernova Remnants Near Gamma-Ray Sources", R.C.
Lamb and T.H. Markert, Conference on Cosmic Ray Astrophysics and Low-Energy
Gamma-Ray Astrophysics, University of Minnesota, September 1980.

"Spectral Formation in X-Ray Illuminated Gas Clouds", T.R. Kallrnan and R.
McCray, Tenth Texas Symposium on Relativistic Astrophysics, Baltimore,
Maryland, December 1980.

"Studies of the Giant Radio Galaxy Centaurus A", E. Feigelson, Brandeis University
Physics Colloquium, December 1980 (invited).
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30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

"X-Ray Observations of Galaxies in the Local Group';, T.H. Markert, G.A. Kriss,
C.R. Canizares, LE. McClintock, and P.F. Winkler, Bull. Am. Asrron. Soc., ll,
633, 1980.

"High Resolution X-Ray Spectroscopy of the Virgo Cluster", J.G. Jernigan, C.R.
Canizares, G.W. Clark, and T.H. Markert, Bull. Am. Astron. Soc., ll, 656, 1980.

"X-Ray Studies of the Puppis A Supernova Remnant: High Resolution Structure and
Spectra", P.F. Winlder, C.R. Canizares, T.H. Markert, and G.W. Clark, Bull. Am.
Astron. Soc., ll, 727, 1980.

"X-Ray Structure of the Puppis A Supernova Remnant", R. Petre, P.F. Winkler,
G.A. Kriss, T.H. Markert, and C.R. Canizares, Bull. Am. Astron. Soc., ll, 789,
1980.

"X-Ray Line Emission from the Puppis A Supernova Remnant", P.F. Winkler, C.R.
Canizares, T.H. Markert, and G.W. Clark, Bull. Am. Astron. Soc., 11, 790, 1980.

"High Resolution X-Ray Spectroscopy of the Cas A Supernova Remnant", T.H.
Markert, C.R. Canizares, G.W. Clark, D.M. Krowitz, and P.F. Winlder, Bull. Am.
Astron. Soc., 11, 790, 1980.

"Upper Limits on X-Ray Line Emission from the Crab Nebula", M.L. Schattenburg,
C.R. Canizares, G.W. Clark, T.H. Markert, and P.F. Winkler,_Bu/l. Am. Astron.
Soc., 11, 796, 1980.

"The M.I.T. Survey of Seyfert Galaxies with the Einstein Observatory IPC", G.A.
Kr'iss, C.R. Canizares, and P.F. Winkler, Bull. Am. Astron. Soc., 11,777, 1980.

"X-Ray Properties of Poor Clusters with Dominant Galaxies", G.A. Kriss and C.R.
Canizares, Bull. Am. Astron. Soc., 12, 487, 1980.

"Implications of the Absence of Narrow X-Ray Line Emission from Scorpius X- 1",
C. Berg, C.R. Canizares, T.H. Markert, and G..W. Clark, Bull. Am. Astron. Soc.,
12, 513, 1980.

"X-Ray Line Emission from LMC Supernova Remnants", P.F. Wirdder, C.R.
Canizares, T.H. Markert, and G.W. Clark, Bull. Am. Astron. Soc., 12, 532, 1980.

"Upper Limits on X-Ray Line Emission from the Crab Nebula", M.L. Schattenburg,
C.R. Canizares, G. W. Clark, T.H. Markert, and P.F. Winlder, Bull. Am. Astron.
Soc., 12, 541, 1980.

"Measurements of the Extent of Ionization Dis-Equilibrium in Supernova Remnants",
T.H. Markert, P.F. Winkler, C.R. Canizares, and J.G. Jernigan, Bull. Am. Astron.
Soc., 12, 542, 1980.

"X-Ray Line Emission from Young Supernova Remnants", T.H. Markert, P.F.
Winkler, C.R. Canizares, G.W. Clark, and M.L. Schattenburg, Sixth International
Colloquium on UV and X-Ray Spectroscopy of Astrophysical and Laboratory
Plasmas (IAU Colloquium No. 55), Ontario, Canada, luly 1980.

12
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44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

"X-Ray Line Emission from Supernova Remnants: Puppis A, the Cygnus Loop, and
LMC Ramnants", P.F.Winkler, C.R. Canizares,G.W. Clark,and T.H. Markert,

SixthInternationalColloquium on U'V and X-Ray Spectroscopyof Astrophysicaland

Laboratory Plasmas (IAU Colloquium No. 55),Ontario,Canada, July 1980.

"X-Ray Emission from Supernova Remnants Near Gamma Ray Souces", R.C. Lamb
and T.H. Markert, Conference on Cosmic Ray Astrophysics and Low-Energy
Gamma-Ray Astronomy, University of Minnesota, September 1980.

"Einstein Observations of Cos-B Gamma Ray Source Regions", R.C. Hartman,
D.J. Thompson, R.C. Lamb, T.H. Markert, and G.F. Bignami, Bull. Am. Phys.
See., 25, 528, 1980.

"Review of X-Ray Observations Related to Jets", E. Feigelson, Workshop on Radio
Jets, Albuquerque, New Mexico, January 1981 (invited).

"X-Ray Spectra of Supernova Remnants from the Einstein Observatory", P.F.
Winlder, University of Colorado Astrophysics CoLloquium, January 1981 (invited).

"X-Ray Lines as a Probe of Astrophysical Plasmas", P.F. Winkler, Cornell
University Astrophysics CoUoquium, March 1981 (invited).

"Probing Hot Matter in the Universe", P.F. Winkler, Middlebury Coflege Physics
CoLloquium, March 1981 (invited).

"X-Ray Spectra of Supernova Remnants", P.F. Winkler, Massachusetts Institute of
Technology Astrophysics Colloquium, April 1981 (invited).

"X-Ray Spectra of Supernova Remnants from the Einstein Observatory", P.F.
Winkler, Bull. Am. Phys. Soc., 26, 586, April 1981 (invited).

"X-Rays and Active Galaxies", E. Feigelson, Phillips Visitors Program
Undergraduate Lecture, Havefford College, April 1981 (invited).

"High Resolution Spectroscopy from the Einstein Observatory", T.H. Markert, C.R.
Canizares, and P.F. Winkler, New York Astronomical Society, Colgate University,
April 1981 (invited).

"Evidence for High Velocity Doppler Shifts in the X-Ray Line Emission from Cas
A", T.H. Markert, C.R. Canizares, G.W. Clark, and P.F. Winkler, Bull. Am.
Astron. Soc., 12, 799, 1981.

"X-Ray Line Emission from Puppis A: Evidence for Enrichment by a Type H
Supernova", P.F. Winkler, C.R. Canizares, G.W. Clark, and T.H. Markert, Bull.
Am. Astron. Soc., 12, 799, 1981.

"Optical Studies of X-Ray Selected Quasars and Active Galaxies", G.A. Kriss, C.R.
Canizares, C.J. Berg, R.A. Remillard, and P.F. Winider, Bull. Aem Astron. Soc.,
13, 549, 1981.

"Einstein X-Ray Observations of the 5.2 Hour X-Ray Binary 4U2129+47", J.E.
McClintock, R.A. London, H.E. Bond, and A.D. Grauer, Bull. Am. Astron. Soc.,

13, 558, 1981.

13
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59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

"Observations of the Transient Cen X-4 During Quiescence", L. Peters, C.R.
Canizares, G.A. K,riss, J.E. McClintock, and R.A. Remillard, Bull. Am. Astron.
Soc., 13, 900, 1981.

"X-Ray Ionization Effects in the Orion Molecular Cloud", T. Kallman and J. Krolik,
Bull. Am. Astron. Soc., 13, 887, 1981.

"X-Ray, Optical and UV Observations of the Supernova Remnant in NGC 4449",
W.P. Blair, J.C. Raymond, R.P. Kirshner, and P.F. Winlder, Bull. Am. Astron.
Soc., 13, 795, 1981.

"High Resolution X-Ray Spectroscopy of the Supernova Remnant N132I) in the
Large Magellanic Cloud", C.J. Berg, C.R. Canizares, P.F. Winkler, T.H. Markert,
C.W. Waite, and F.K. Perkins, Bull. Am. Astron. Soc., 13, 796, 1981.

"Extended X-Ray Emission from Poor Clusters with Central Dominant Galaxies",
D.F. Cioffi, G.A. Kriss, and C.R. Canizares, Bull. Am. Astron. Soc., 13, 799,
1981.

"Deep X-Ray Surveys of Two Quasar Grism Fields", G.A. Kriss and C.R.
Canizares, Bull. Am. Astron. Soc., 13, 848, 1981.

"High Velocity Asymmetric Doppler Shifts in the X-Ray Spectrum of C.as A", C.R.
Canizares, NATO-ASI Workshop on Supernovae, Cambridge, England, July 1981.

"Detection of X-Rays During the Outburst of Supernova 1980k", C.R. Canizares,
NATO-ASI Workshop on Supernovae, Cambridge, England, July 1981.

"Future Prospects for High Resolution X-Ray Spectrometers", C.R. Canizares,
Workshop on X-Ray Astronomy in the 1980s, Goddard Space Flight Center,
Maryland, October 1981 (invited).

"High Resolution X-Ray Spectroscopy with the Einstein Observatory", C.R.
Canizares, Institute of Astronomy Colloquium, University of Cambridge, England,
October 1981 (invited).

"Crude Low-Energy X-Ray Spectra of Seyfert Galaxies", G.A. Kriss, Harvard-
Smithsonian Center for Astrophysics Meeting on the Structure of Seyfert Galaxies,
October 1981.

"High Resolution X-Ray Spectroscopy of Supernova Remnants, Clusters of Galaxies
and BL Lac Objects", C.R. Canizares, Royal Astronomical Scoeity, London,
England, November 1981 (invited).

"Gravitational Lens Effects of Compact Objects on Quasar Light", C.R. Canizares,
University of Leicester Physics Colloquium, England, November 1981 (invited).

"High Resolution X-Ray Spectroscopy of Supernova Remnants and Clusters of

Galaxies", C.R. Canizares, Oxford University Astrophysics Colloquium, England,
December 1981 (invited).

"Three Lectures on X-Ray Spectroscopy", C.R. Canizares, Arcetri Observatory,
Florence, Italy, February 1982 (invited).

14
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74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

"GravitationalLens Effects of Compact Objects in Quasar Light", C.R. Canizams,
CNR/University of Milan Astrophysics Colloquium, Italy, February 1982 (invited).

"High Resolution X-Ray Spectroscopy of Supernova Remnants and Clusters of

Galaxies", C..R. Canizares, TESRE/CNR Colloquium, Bologna, Italy, February
1982 (invited).

"Gravitational Lens Effects of Compact Objects on Quasar Light", C.R. Canizares,
Royal Observatory Astronomy CoUoquium, Edinburgh, Scotland, March 1982
(invited).

"Gravitational Lens Effects of Compact Objects on Quasar Light", C.R. Canizares,
Cavendish Laboratory Radio Astronomy Lunch Seminar, University of Cambridge,
England, March 1982 (invited).

"Gravitational Lens Effects of Compact Objects on Quasar Light", C.R. Canizams,
Royal Greenwich Observatory Colloquium, Herstmonceaux, England, March 1982
(invited).

"Gravitational Lens Effects of Compact Objects on Quasar Light", C.R. Canizares,
Mullard Space Sciences Laboratory Colloquium, University College London,
England, April 1982 (invited).

"X-Rays and Broad-Line Regions of Quasars", G.A. Kriss, University of Michigan
Astronomy Colloquium, May 1982 (invited).

"The X-Ray Source in the Nucleus of M33", T.H. Markert, A. RaUis, C.R.
Canizams, G.A. Kriss, and G.R. Ricker, Bull. Am. Astron. Soc., 14, 602, 1982.

"X-Ray Line spectra of the Puppis A Supernova Remnant: Spatial Variations", P.F.
Winkler, B.C. Bromley, T.H. Markert, and R. Petre, Bull. Am. Astron. Soc., 14,
636, 1982.

"High Resolution X-Ray spectroscopy and Plasma Diagnostics of Astrophysical
Objects", C.R. Canizares, Los Alamos National Laboratory Astrophysics Seminar,
July 1982 (invited).

"Recent Results on Supernova Remnants and their Interaction with the Interstellar

Medium", C.R. Canizams, Massachusetts Institute of Technology Astrophysics
Colloquium, September 1982 (invited).

"X-Ray Emission from Young Solar-Type Stars: Implications for the Early Solar
System", E.D. Feigelson, and G.J. Consolmagno, 13th Lunar and Planetary Science
Conference, 1982.

"X-Rays from Radio Galaxies", E.D. Feigelson, Colloquium of Observatorie de
Paris Meudon, Meudon, France, October 1982 (invited).

"X-Rays from Radio Galaxies", E.D. Feigelson, Colloquium of Observatorie de
Toulouse et du Pic du Midi, Toulouse, France, October 1982 (invited).

"X-Rays from Radio Galaxies", E.D. Feigelson, Colloquium of Laboratorie
d'Astronomie Spatiale, MarseiUe, France, October 1982 (invited).
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89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

"X-Rays from Young Stars", E.D. Feigelson, CoUoquium of Centre des Etudes
Nucleaire-Saclay, Saclay, France, October 1982 (invited).

"Compact Gravitational Lenses", C.R. Canizares, Neighborhood Meeting on
Gravitational Lenses, Massachusetts Institute of Technology, December 1982
(invited).

"Measurement of the Interstellar Oxygen Absorption Edge in the X-Ray Spectnun of
the Crab Nebula with the Einstein Crystal Spectrometer", M.L. Schattenburg, and
C.R. Canizares, Bull. Am. Astron. Soc., 14, 936, 1982.

"Absorption Properties of the Winds in Massive X-Ray Binaries", T.R. Kallman and
N.E. White, Bull. Am. Astron. Soc., 14 936, 1982.

"The Discovery of Short Timescale X-Ray Absorption Variations from 4U1700-37",
N.E. White, T.R. Kallman, and J.H. Swank, Bull. Am. Astron. Soc., 14, 944,
1982.

"Measurements of the Physical Parameters of the X-Ray Emitting Gas in Tycho's
SNR", T.H. Markert, Bull. Am. Astron. Soc., 14, 935, 1982.

"A Sharp X-Ray Absorption Feature in the BL Lac Object PKS 2155-31M", J.
Kruper and C.R. Canizares, Bull. Am. Astron. Soc., 14, 933, 1982.

"X-Ray Emission from Poor Clusters with Dominant Galaxies: Morphology and
Evidence for Accretion", C.R. Canizares, G.A. Kriss, D.F. Cioffi, G. Steward, and
A.C. Fabian, Bull. Am. Astron. Soc., 14, 907, 1982.

"X-Ray Observations of the Central Stars of Planetary Nebulae", P.W. Vedder and
G.W. Clark, Bull. Am. Astron. Soc., 14, 915, 1982.

"Observational Tests of X-Ray Heating in Broad Line Region of.Quasars", G.A.
Kriss, Bull. Am. Astron. Soc., 14, 911, 1982.

"Manifestations of a Cosmological Density of Compact Objects on Quasar Light",
C.R. Canizares, XI Texas Symposium on Relativistic Astrophysics, Austin, Texas,
December 1982.

"Physics of Hot Gas in and out of Clusters of Galaxies", C.R. Canizares, New York

University Physics Colloquium, April 1983 (invited).

"Effects of a Cosmological Density of Compact Objects on Quasar Light", C.R.
Canizares, Harvard-Smithsonian Center for Astrophysics Theoretical Lunch Seminar,
May 1983 (invited).

"Optical and X-Ray Studies of Cooling Flows in Clusters of Galaxies", J.A. Culver,
C.R. Canizares, T.H. Markert, and M.E. Donahue, Bull. Am. Astron. Soc., 15,
670, 1983.

"Gravitational Lens Effects of Cosmological Density of Compact Objects", C.R.
Canizares, 24th Liege Astrophysics Colloquium Quasars and Gravitational Lenses,
Liege, Belgium, June 1983.
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104.

I05.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

"X-Ray Observations of Galaxy Halos", C.R. Canizares, Kitt Peak Workshop on
Halos of Galaxies, Tucson, Arizona, January 1984 (invited).

"Cooling Flows in Galaxies and Clusters of Galaxies", C.R. Caniza.res, Harvard
Smithsonian Center for Astrophysics Colloquium, March 1984 (invited).

"Hot Gas in Galaxies and Clusters of Galaxies", C.R. Canizares, Dartmouth College
Physics and Astronomy Colloquium, April 1984 (invited).

"X-Ray Observations of Supernovae and Supernova Remnants", C.R. Canizares,
Conference "X-Ray Astronomy 84", Bologna, Italy, June 1984 (invited).

"The X-Ray and Optical Luminosities of Quasistellar Objects", C.R. Canizares, Santa
Cruz Conference on Active Galaxies and Quasistellar Objects, July 1984.

"X-Ray Observations of Four Nearby Galaxies", M.E. Donahue and T.H. Markert,
Bull. Am. Phys. Soc., 29, 925, 1984.

"X-Ray Spectroscopic Measurements of Non-Equilibrium Ionization in Supernova
Remnants", T.H. Markert, C.R. Canizares, T. Pfafman, P. Vedder, P.F. Winkler,

and A. Pradhan, EUV and X-Ray Spectroscopy of Astrophysical and Laboratory
Plasmas (IAU Colloquium No. 86), Washington, D.C., August 1984.

"High Spectral Resolution Observations of Coronal X-Ray Emission from the RS
CVn Binary Sigma Corona Borealis", G.R. Riegler, P.C. Agrawal, and T.H.
Markert, EUV and X-Ray Spectroscopy of Astrophysical and Laboratory Plasmas,
(IAU Colloquium No. 86), Washington, D.C., August 1984.

"X-Ray Astronomy and Plasma Astrophysics", C.R. Canizares, Course and

Workshop on Plasma Astrophysics, Varenna, Italy, August 1984.

"The Effect of Relativistic Beaming on Luminosity Functions", C.M. Urry,
Massachusetts Institute of Technology Center for Space Research Seminar, October
1984 (invited).

"Luminosity Functions of BL Lacertae Objects", C.M. Urry, Harvard-Smithsonian
Center for Astrophysics Seminar, October 1984 (invited).

"H0323+022: The Anatomy of a BL Lac Object", H.V. Bradt, Mount Stromlo
Observatory Colloquium, Australia, October 1984 (invited).

"H0323+022: The Anatomy of a BL Lac Object", H.V. Bradt, Tata Institute of
Fundamental Research Colloquium, Bombay, India, October 1984 (invited).

"A Rapidly Varying BL Lac Object", H.V. Bradt, Ooty Radio Observatory Seminar,
India, October 1984 (invited).

"H0323+022: Classification as a BL Lac and EXOSAT Coordinated Observations",
H.V. Bradt, ESLAB Symposium on X-Ray Astronomy, The Hague, The
Netherlands, November 1984.

"X-Ray Spectroscopy of BL Lacertae Objects", C.M. Urry, R.F. Mushotzky and
S.S. Holt, Bull. Am. Astron. Soc., 16, 931, 1984.
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124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.
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"Soft X-Ray Spectra of Optically Selected Seyfert Galaxies", J. Kruper and C.R.
Canizares, Bull. Am. Astron. Soc., 16, 931, 1984.

"The X-Ray to Optical Luminosity of Quasars", G.A. Kriss and C.R. Canizares,
Bull. Am. Astron. Soc., 16, 932, 1984.

"Hot Gas and Heavy Halos in ElLiptical Galaxies", C.R. Canizares, University of
Michigan Astronomy Colloquium, March 1985 (invited).

Relativistic Jets in BL Lac Objects", C.M. Urry, Los Alamos National Laboratory
Astrophysics Colloquium, March 1985 (invited).

"High Resolution X-Ray Spectroscopy of the Crab Nebula and the Oxygen
Abundance of the Interstellar Medium", M.L. Schattenburg, Harvard-Smithsonian
Center for Astrophysics Seminar, May 1985 (invited).

"High Resolution X-Ray Spectroscopy of the Crab Nebula and the Oxygen
Abundance of the Interstellar Medium", M.L. Schattenburg, Massachusetts Institute
of Technology Center for Space Research Seminar, May 1985 (invited).

"X-Rays from Galaxies and Clusters of Galaxies", C.R. Canizares, Dark Matter in
the Universe (IAU Symposium No. 117), Princeton, June 1985 (invited).

"High Resolution X-Ray Spectroscopy of the Cygnus Loop", P.W. Vedder, C.R.
Canizares, T.H. Markert, T. Pfafman, and A. Pradhan, Bull. Am. Astron. Soc., 17,
546, 1985.

"X-Ray and _Ray Observations of Astrophysical Jets", C.M. Urry, Workshop on
Astrophysical Jets, Taos, New Mexico, July 1985 (invited).

"Hot Gas and Dark Matter in Galaxies and Clusters", C.R. Canizares, presented at
SUNY Stony Brook Astronomy Colloquium, October 1985 (invited).

"The Violent Universe: High Energy Astrophysics", C.R. Canizares, presented at
Congressional Staff Lecture Series on Science for the Non-Scientist, Washington,
D.C., November 1985 (invited).

"X-Ray Studies of Seyfert Galaxies and Quasars, C.R. Canizares, presented at
I.A.U. Symposium #119, Quasars, Bangalore, India, December 2-6, 1985 (invited).

"X-Ray Absorption in BL Lac Objects", C.M. Urry, Boston University Astronomy
Colloquium, December 1985 (invited).

"X-Ray Spectra of BL Lac Objects: Evidence for Absorption by Hot Gas", C.M.
Urry, Massachusetts Institute of Technology Astrophysics Colloquium, December
1985 (invited).

"X-Ray Continuum Emission from BL Lacertae Objects", C.M. Urry, Workshop on
Continuum Emission from Active Galactic Nuclei, Tucson, Arizona, January 1986
(invited).
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135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

"The X-Ray Structure and Spectrum of IC443", R. Petre, A. Syrnkowiak, F.
Seward, C.R. Canizares, R. Willingale, D. Rolf, N. Woods, 167th Meeting of the
Amer. Astron. Soc., Houston, Bull. Amer. Astron. Soc. 17, 883, January 1986.

"X-Ray Spectra of BL Lac Objects: Evidence for Absorption by Hot Gas", C.M.
Urry, Columbia University Astrophysics Colloquium, February 1986.

"BL Lac Objects", C.M. Urry, ESA Conference on Accretion onto Compact Objects,
Tenerife April 1986 (invited).

"X-Ray Structure and Spectroscopy of Supernova Remnants", C.R. Canizares
presented at the Meeting of the American Physical Society, Washington, April 1986,
Bull. Amer. Phys. Soc., 31, 829, 1986 (invited).

"Properties of the X-Ray Emitting Gas in Early Type Galaxies", C.R. Canizares, G.
Fabbiano and G. Trinchieri, presented at I.A.U. Symposium #127, Structure and
Dynamics of Elliptical Galaxies, Princeton, May 1986.

"Steady State Infall Models of Gas in Elliptical Galaxies", P.W. Vedder, C.R.
Canizares, and J. J. Trester, 168th Meeting of the Amer. Astron. Soc., Ames, Iowa,
Bull. Amer. Astron. Soc., 18, 691, June 1986.

"High Resolution X-Ray Spectroscopy of Cas A: A Non-Equilibrium
Interpretation", T.H. Markert, C.R. Canizares, P.L. Blizzard, and J.P. Hughes,
168th Meeting of the Amer. Astron. Soc., Ames, I0wa, Bull. Amer. Astron. Soc.
18, 704, June 1986.

"Seven Years of IUE Observations of the BL Lacertac Object PKS2155-304", C.M.
Urry, International IUE Conference, in London, July 1986.

"Accretion Flows in Elliptical Galaxies", P.W. Vedder, in Continuum Radio
Processes in Clusters of Galaxies, NRAO - Green Bank #16, edited by C.P. O_Dea
and J.M. Uso, p. 127, August 1986.

"Variability of Active Galaxies Observed with the Einstein Observatory", C.M.
Urry, Conference on X-Ray Variability, in Como Italy, October 1986.

"BL Lacertae Objects: What Kind of Active Galaxy are They?", C.M. Urry,
Colloquium of the Osservatorio Arcetri in Florence, Italy, October 1986.

"Hot Gas in Galaxies and Clusters of Galaxies", C.R. Canizares, University of
California at Berkeley Physics Colloquium, November 1986 (invited).

"Onmnt Ideas About BL Lacertac Objects", C. M. Urry, Marshall Space Flight
Center Astrophysics Colloquium, December 1986.

"X-Ray Variability of Seyfert Galaxies Observed with the Einstein Observatory",
C.M. Urry, C.R. Canizares, J.S. Kruper, M.L. Rohan, M.R. Oberhardt, Bull.
Amer. Astron. Soc., 18, 1000, 1987.

"Soft X-Ray Spectra of Seyfert Galaxies", J.S. Kruper, C.M. Urry, C.R. Canizares,
Bull Amer. Astron. Soc., 18, 1001, i987.
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151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

"Hot Gas in Galaxies and Clusters of Galaxies", C.R. Canizares, Columbia
University Astrophysics Colloquium, January 1987 (invited).

"Cooling Flows in Galaxies and Clusters", C.R. Canizares, University of Colorado
at Boulder Astrophysics Colloquium, March 1987 (invited).

"Hot Gas in Galaxies and Clusters of Galaxies", C.R. Canizares, Northeastern
University Physics Colloquium, March 1987 (invited).

"Soft X-Ray Spectra and Variability of Seyfert Galaxies", C.M. Urry, The Johns
Hopkins University Astrophysics Seminar, March 1987.

"Soft X-Ray Spectra and Variability of Seyfert Galaxies", C.M. Urry, The
University of Maryland Astronomy Colloquium, March 1987.

"On Cooling Flows and Hot gas in Galaxies and Clusters", C.R. Canizares,
University of Virginia Astrophysics Colloquium, April 1987 (invited).

"X-Ray Emission Lines from Cooling Flows", C.R.Canizares, NATO Advanced
Study Workshop, Institute of Astronomy, Cambridge, U.K., June, 1987 (invited).

"Narrow-Band Ha Imaging of Early-Type Galaxies", P.W. Vedder, C.R. Canizares,

and Paula L. Blizzard,presented at the 170th Meeting of the American Astronomical
Society, Vancouver, British Columbia, Canada, 1987.

"Are Elliptical Galaxies Really Round?" J.L. White and C.R. Canizares, presented at
the 170th Meeting of the American Astronomical Society, Vancouver, British
Columbia, Canada, 1987.

"Ultraviolet Spectra of the Variable BL Lacertae Object PKS 2155-304", C.M. Urry,
to be presented at the 170th Meeting of the American Astronomical Society,
Vancouver, British Columbia, Canada, 1987.

"Ionization Structure of the X-Ray Emitting Plasma in Puppis A", K.F. Fischbach,
C.R. Canizares, T.H. Markert, and J.M. Coyne, presented at the 170th Meeting of
the American Astronomical Society, Vancouver, British Columbia, Canada, 1987.

"Einstein Bragg Crystal Spectrometer Observations of Cas A - A Two Region, Non-
Equilibrium Ionization Interpretation", T.H. Markert, P.L. Blizzard, C.R. Canizams,
and J.P. Hughes, presented at IAU Colloquium 101, The Interaction of Supernovae
and the Interstellar Medium, Penticton, British Columbia, Canada, June 1987.

"Plasma Diagnostics with X-ray Lines of Oxygen in Puppis A", K.F. Fischbach,
C.R. Canizams, T.H. Markert, and J.M. Coyne, presented at IAU Colloquium 101,
The Interaction of Supernovae and the Interstellar Medium, Penticton, British
Columbia, Canada, June 1987.

"X-ray Emission Lines from SNRs and Clusters of Galaxies", C.R.Canizares,

Lawrence Livermore National Laboratory, Livermore, CA, October, !987 (invited).

"Hot Gas in Galaxies and Clusters", C.R. Canizares, Cornell Astronomy
Colloquium, Ithaca, NY, March 1988 (invited).

20



5129/91 "

165.

166.

167.

168.

169.

170.

171.

172.

"A Comparison of Three Regions of Puppis A", K.F. Fischbach, L.M. Bateman,

C.R. Canizares, T.H. Markert, and P.J. Saez, presented at IAU Colloquium No. 115
High Resolution X-Ray Spectroscopy of Cosmic Plasmas, Cambridge,
Massachusetts, 1988.

"High Resolution Spectroscopy and Plasma Diagnostics of Supernova Remnants",
C.R. Canizares, presented at IAU Colloquium No. 115 High Resolution X-Ray
Spectroscopy of Cosmic Plasmas, Cambridge, Massachusetts, 1988.

"High Resolution X-Ray Spectroscopy of Thermal Plasmas", C.R. Canizares,
Einstein to AXAF Symposium, Cambridge, MA, November, 1988 (invited).

"X-Ray Observations of Supernova Remnants", C.R. Canizares, NATO Workshop
on Physical Processes in Hot Cosmic Plasmas, Vulcano, Italy, June, 1989 (invited).

"Cooling Flows in Clusters of Galaxies", C.R. Canizares, UCSD Astrophysucs
Colloquium, San Diego, CA, March, 1991 (invited).

"Cooling Flows in Clusters of Galaxies", C.R. Canizares, Caltech Astrophysics
Colloquium, Pasadena, CA, March, 1991 (invited).

"Cooling Flows in Clusters of Galaxies", C.R. Canizares, University of Toronto
Astrophysics Colloquium, Toronto, Canada, March, 1991 (invited).

"X-ray Spectroscopy of the Supernova Remnant N132D", U. Hwang, C.R.
Canizares, T.H. Markert, and J.P. Hughes, 1991, Frontiers of X-ray Astronomy,
Yamada, Japan, April 1991.
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APPENDIX B

MIT THESES BASED on HEAO-2 DATA

Doctor of Philosophy

Petre, R., 1982, Wide-Field Imaging in Soft X-ray Astronomy

Kriss, G.A., 1982, X-ray and Optical Studies of Active Galactic Nuclei and Quasi-
Stellar Objects

Schattenburg, M.L., 1984, Astronomical X-ray Spectroscopy: Studies of the Crab

Nebula and Development of Ultra-Fine Transmission Gratings

Kruper, J., 1988, Optical and X-ray Studies of Active Galactic Nuclei

Vedder, P.W., 1988, Optical Observations and Numerical Models of Gas Cooling
Flows in Elliptical Galaxies

Flanagan, K.A., 1990, Plasma Diagnostics with X-ray Emission Lines of Puppis A

Master of Science

Culver, J.A., 1983, Optical and X-ray Studies of Cooling Flows in Clusters of Galaxies

Rohan, M.L., 1985, An X-ray Scattered Halo in M82?

Bachelor of Science

Dietz, E.R., 1973, A comparative Study of the Flat and Spherically Curved Forms of
Three Soft X-ray Bragg Diffractors

Davies, N.J., 1974, An Evaluative Study of Three Crystals Utilizing the Double
Crystal Spectrometer

Smith, D., 1975, Characterization of Crystals for X-ray Diffraction

Flanagan, K.A., 1976, Investigations of a Seven Wire Imaging Proportional Counter



Berg, C.J., 1977, Geometry of a Crystal Spectrometer for X-ray Astronomy

Waite, C.M., 1981, (B.A., Middlebury College), Paradoxical Emission from Two X-ray

Supernova Remnants

Bromley, B.C., 1982 (B.A., Middlebury College), X-ray Spectroscopy of Supernova

Remnants: the Bright Knot of Puppis A

Campbell, G., 1982, An X-ray Point Source in the Supernova Remnant G27-4+0.0

Perkins, F.K., 1982, Analysis of the X-ray Spectra of N132D

Rallis, A.D., 1982, High Resolution X-ray Observations of M33

Vedder, P.W., 1982, X-ray Imaging Observations of the Central Stars of Planetary
Nebulae

Donahue, M.E., 1985, X-ray Observations of the Pegasus Cluster

Wargelin, B.J., 1985, Low Energy X-ray Spectra of 16 X-ray Binaries

White, J., 1987, Are Elliptical Galaxies Really Round?

Sokoloski, J., 1989, Fourier Analysis of Seyfert Galaxy X-ray Variability

Kim, L.D., 1989, Optical Studies of Cooling Flows in Elliptical Galaxies

Moore, C., 1990, High Resolution X-ray Spectroscopic Measurements of the Tycho

Supernova Remnant


